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Abstract 
Objectives: Following major thoracic surgery physiotherapy is recommended to improve 
reduced lung volume, aid secretion clearance, and improve mobility, however, in many 
centres physiotherapy provision is variable following minimally invasive Video-Assisted 
Thoracoscopic Surgery (VATS). The objective of this study was to observe frequency of 
problems potentially amenable to physiotherapy following VATS lobectomy, and to identify 
associated baseline factors of patients in whom physiotherapy may be beneficial. 
Methods: A prospective observational study was performed including all consecutive cancer 
patients undergoing VATS lobectomy in a regional centre over 4 years (2012-2016). 
Standard postoperative care included early mobilisation by nursing staff from postoperative 
day 1 (POD1). Physiotherapy assessment of all patients on POD1 determined presence of 
issues potentially amenable to physiotherapy intervention, and treatment was commenced. 
Outcome measures included postoperative pulmonary complication (PPC) development, 
hospital and high dependency unit (HDU) length of stay (LOS). 
Results: Of 285 patients, 209 (73%) received physiotherapy to assist/improve reduced 
mobility, of these 23 (8%) also received sputum clearance therapies and 65 (23%) specific 
therapy for lung volume loss. The remaining 76 (27%) patients had significantly lower 
hospital/ HDU LOS (p<0.001) reflecting uncomplicated recovery. Chronic obstructive 
AC
CE
PT
ED
MA
NU
SC
RI
PT
3 
 
pulmonary disease (COPD), body mass index (BMI), preoperative mobility and age were 
independently associated with issues potentially amenable to physiotherapy (p=0.013).  
Conclusion: Following VATS lobectomy a large proportion of patients demonstrated issues 
potentially amenable to physiotherapy. We recommend that patients receive routine 
physiotherapy assessment following this type of surgery to ensure that all issues are 
identified early. Screening of COPD, BMI, preoperative mobility and age will allow early 
identification of patients who may benefit most from postoperative physiotherapy and 
preoperative optimisation, however, these factors cannot predict the need for 
physiotherapy.  
 
Introduction 
Video-assisted thoracoscopic surgery (VATS) is being increasingly performed for early stage 
non-small cell lung cancer (NSCLC) instead of open thoracotomy because of its minimally 
invasive nature [1]. VATS lobectomy has been found to reduce hospital length of stay (LOS) 
[2, 3] and postoperative pain [4]. However, postoperative pulmonary complications (PPC), 
including pneumonia and clinically significant atelectasis after VATS lobectomy affect 7% of 
patients. The development of PPC is associated with increased physiotherapy requirements 
[5], and smoking  has been found to be the major risk factor [6]. 
Postoperative physiotherapy aims to improve reduced lung volume, aid clearance of 
secretions, and improve mobility, thus minimising the development of PPC. Postoperative 
physiotherapy is therefore recommended in Europe following major thoracic surgery [7].   
and in practice some patients receive no routine intervention. Those undergoing VATS 
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lobectomy are similar in their baseline characteristics to their historical counterparts 
undergoing thoracotomy [5] including the extent of co-morbidities, smoking status and 
exercise tolerance, and may include octogenarians. It is entirely possible that many of these 
patients will therefore have pulmonary and mobility issues potentially amenable to 
physiotherapy similar to those undergoing thoracotomy.  
The aim of this study was to identify baseline factors associated with problems potentially 
amenable to physiotherapy intervention following VATS lobectomy, thus identifying if and in 
whom physiotherapy may be beneficial. 
 
Materials and Methods 
This prospective observational study was conducted at a single-centre large regional 
thoracic surgical unit serving six million people. Consecutive cancer patients who underwent 
video-assisted thoracoscopic surgery (VATS) lobectomy between January 2012 and January 
2016 were included. Decisions regarding patient operability and resectability were informed 
by the British Thoracic Society guidelines for lung cancer resection [8].  
VATS was defined as the use of a utility incision, without rib-spreading, two further port 
incisions and use of a thoracoscope to visualise the anatomical hilar dissection (as defined 
by Swanson et al) [9]. Decisions regarding surgical approach by VATS rather than 
thoracotomy were as previously described [5], including cases of N1 involvement, previous 
neoadjuvant chemo/radio therapy, visibility of the tumour at bronchoscopy requiring hand 
sewn bronchial stump closure, and bi-lobectomy where tumours crossed fissures. Cases 
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where patients were undergoing re-do procedures, such as completion lobectomy were 
excluded.  
Patients were admitted to hospital on the day of surgery. All operations were performed 
with single lung ventilation under general anaesthesia, and patients were subsequently 
scheduled for extubation in the operating room. Postoperatively, patients were managed in 
a dedicated thoracic high-dependency unit (HDU) (level 2) and/or the thoracic surgery ward 
unless complications required their admission to the intensive therapy unit (ITU). 
Postoperative pain control was achieved by continuous thoracic epidural analgesia, 
paravertebral infusion or systemic opioids (parenteral administration or intravenous 
patient-controlled administration). The choice of analgesic technique was made by the 
anaesthetist after discussion with the patient. Standard postoperative care also included 
nursing staff sitting patients out of bed on postoperative day 1 (POD1) and from that point 
starting early mobilisation with patients as able, with safety assistance as necessary for 
surgical attachments.  
On POD1 all patients were assessed by a physiotherapist specialist to working in the area of 
thoracic surgery to determine the presence of atelectasis, sputum retention, or reduced 
mobility/ exercise tolerance which are all issues amenable to physiotherapy intervention 
(for which physiotherapy is indicated). Physiotherapy treatment/exercise was then 
commenced as necessary in the relevant patients to clear secretions, improve lung volume 
or for specific mobility issues; to both increase reduced physical activity level beyond that 
achieved with standard care, and to regain former levels of function where applicable. If 
physiotherapy was not deemed necessary patients continued with standard postoperative 
care. When pulmonary complications developed physiotherapy input was escalated as 
AC
CE
PT
ED
 M
AN
US
CR
IPT
6 
 
appropriate. All patients received physiotherapy until resolution of pulmonary issues, 
and/or usual mobility independence and exercise tolerance were restored.  
Data collected included demographics and preoperative record of smoking status, body 
mass index (BMI), percentage predicted FEV1, American Society of Anesthetists (ASA) score, 
subjective preoperative activity level, which is the self-reported pre-operative walking 
distance measured in meters. Other comorbidities including chronic obstructive pulmonary 
disease (COPD) defined by clinical diagnosis of the referring clinician were reported. 
Postoperative data included type of analgesia used and underlying pathology (including lung 
cancer staging). Total length of stay (LOS) was defined as the LOS in hospital after the date 
of surgery. The HDU LOS was also recorded, as well as ITU admission and in-hospital 
mortality.  
PPC frequency was observed and  identified using the Melbourne Group Scale (MGS), which  
is a standardised scoring system validated by our group to define the presence of a PPC, 
such as pneumonia or clinically significant atelectasis, likely to adversely affect the patient's 
clinical course [5, 10]. PPC is defined in those patients presenting with four or more of the 
following eight dichotomous factors: chest X-ray (CXR) findings of atelectasis or 
consolidation; raised white cell count (WCC) (>11.2×109/L); temperature >38°C; signs of 
infection on sputum microbiology; purulent sputum differing from preoperative status; 
oxygen saturations <90% on room air; physician diagnosis of pneumonia; and prolonged 
HDU stay or readmission to HDU or ITU for respiratory complications. From POD1 the MGS 
variables were collected daily by the specialist physiotherapists. 
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This study was conducted with the approval of the National Research Ethics Service (NRES) 
Committee West Midlands. This study was registered with the Birmingham Heartlands 
Hospital audit department (audit code 1672). 
Statistical analysis 
Normally distributed continuous variables are expressed as mean (SD), skewed continuous 
variables as median (interquartile range), and categorical variables as actual number 
(percentage). Normality of distributions was assessed using the Kolmogorov-Smirnov test. 
Differences in baseline demographics, risk factors and outcomes were tested for using Chi-
square, Fisher’s exact, independent samples t-tests and Mann-Whitney U tests; p-values 
<0.05 were considered significant. Forward stepwise logistic regression was performed to 
estimate odds ratios and their 95% CIs of variables associated with POD1 issues potentially 
amenable to physiotherapy. Goodness-of-fit was assessed by the Hosmer and Lemeshow 
chi-square test. The sensitivity and specificity of the model were calculated from the 
percentage accuracy in classification after application of the model. Analysis was performed 
using IBM Statistics SPSS Version 22.   
 
Results 
Over 4 years 287 cancer patients underwent lobectomy using a VATS approach; 2 patients 
were subsequently excluded as they underwent re-do procedures/completion lobectomy. 
Of all patients (n=285); 137 were male (48%), with a median (IQR) age of 69 years (13) and 
mean (SD) FEV1 of 87% (19). In terms of our previously identified risk factors, 73 (26%) 
patients were ≥75 years old, 144 (51%) patients had ASA score ≥3, 63 (22%) patients had 
BMI ≥30, 84 (30%) patients had a history of COPD and 60 (21%) patients were current 
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smokers. There were 43 (15%) patients that had a self-reported restricted preoperative 
mobility of <400m. Analgesia was administered by epidural in 27 (9%) patients, 
paravertebral infusion in 233 (82%) patients, patient controlled analgesia in 22 (8%) patients 
and morphine infusion in 3 (1%) patients. Of the 285 patients, 258 (91%) patients were 
diagnosed with primary lung cancer, and 27 (9%) metastatic disease. Of patients with 
primary lung cancer, the staging was IA in 116 (45%) patients, IB in 84 (32%) patients, IIA in 
40 (16%) patients, IIB in 6 (2%) patients and IIIA in 12 (5%) patients.  
Early mobility and Physiotherapy 
Following assessment, physiotherapy for mobility or pulmonary issues was not required in 
76 (27%) patients who only required standard nursing care to facilitate successful early 
mobilisation; these patients either only required 1 member of nursing staff to mobilise or 
were independent. Patients that did not require physiotherapy had both shorter hospital 
and HDU LOS compared to those that did require physiotherapy, reflecting a fast, 
uncomplicated recovery (Table 2). The remaining 209 (73%) patients had reduced 
postoperative mobility and/or had oxygen desaturation on exercise due to pulmonary issues 
deemed amenable to physiotherapy. Specific pulmonary physiotherapy interventions for 
established sputum retention or lung volume loss (with associated clinical 
signs/deterioration) were given to relatively few of the 209 patients, 65 (23%) received lung 
expansion intervention (incentive spirometry) for specific and symptomatic atelectasis, with 
23 (8%) of this group also found to have sputum retention. Patients with sputum retention 
received chest physiotherapy specific to sputum clearance for example manual and 
breathing techniques, in some cases suction via minitracheostomy needed to be performed 
(within the ward environment rather than intensive care based suction). 21 (7%) patients 
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developed PPC and were amongst those requiring pulmonary treatments, also all those 
admitted to ITU (6, 2 %) were amongst those requiring physiotherapy.  
A median of 4 physiotherapy sessions were given to those who received physiotherapy, with 
a median (IQR) of 90 (65) minutes in total spent with each patient. The median (IQR) 
number of physiotherapists involved in each patient’s treatment was 6 (4) as some patients 
required assistance of 2 for mobility as dictated by surgical attachments and/or portable 
oxygen and patient stability/safety. 
Factors associated with issues amenable to physiotherapy 
Univariate analysis compared baseline factors of those who were and those who were not 
assessed as having postoperative issues potentially amenable to physiotherapy (Table 3). 
Forward stepwise logistic regression was performed to identify any significant baseline 
variables independently associated. The model correctly classified 73% of patients with 
issues amenable to physiotherapy. Nagelkerke R2 values demonstrated that the variables 
explained between 10% and 14% of the outcome, with goodness-of-fit χ2 remaining non-
significant through the steps. A significant contribution to the model was made by age, 
COPD, BMI and restricted pre-op mobility (Table 4). The odds ratios are all positive, 
indicating the variables selected are associated with issues amenable to physiotherapy 
intervention. The 95% CIs do not cross 1 indicating that as the predictor variable increases in 
value so do the odds of requiring physiotherapy for sputum retention, atelectasis, or 
reduced exercise tolerance/ postoperative mobility. 
If factors including age (≥75 years), COPD, BMI (≥30) and restricted pre-op mobility (<400m), 
PPC and ITU admission were used to identify patients may have issues potentially amenable 
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to physiotherapy in this cohort, 215 patients of the 285 would have been identified. Of the 
215 identified, 177 actually demonstrated issues potentially amenable to physiotherapy, 
according to their POD1 assessment, and 38 did not; sensitivity of the criteria used was 
therefore good at 82%. The remaining 70 patients, who would not have been identified as 
potentially needing physiotherapy with these criteria actually included 38 patients with 
relevant mobility and pulmonary issues, giving a low specificity of 46%. 
 
Discussion 
VATS is used because of its minimally invasive approach over open thoracotomy and its 
association with a quicker return to normal activity, even in frail/high-risk patients [11]. 
Despite this, our study has demonstrated that in VATS lobectomy patients mobility/exercise 
tolerance issues potentially amenable to physiotherapy were present in 3 out of 4 patients, 
with 1 in 3 of those also receiving specific pulmonary therapy for sputum retention or 
atelectasis. Issues potentially amenable to physiotherapy were identified in all patients 
requiring ITU admission (either before, during or after ITU stay) and in those who went on 
to develop a PPC. Issues potentially amenable to physiotherapy may be frequent in this 
particular type of VATS patient (VATS lobectomy) because the demographic, as 
demonstrated by this cohort, includes relatively frequent characteristics of COPD, current 
smoking, co-morbidities and elderly patients. The demographic for other more minor 
procedures undertaken by VATS may be quite different, and less ‘high risk’.  
In routine practice there is widespread postoperative physiotherapy provision after open 
thoracotomy for lung surgery throughout the UK [12], Australia and New Zealand [13], 
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however early postoperative mobility after open thoracotomy is associated with minimal 
morbidity and mortality with high satisfaction of patients [4, 14]. A previous cross-sectional 
study with historical controls demonstrated the benefit of postoperative physiotherapy 
regimen by reducing the incidence of atelectasis (1.7% vs 7.7%) and LOS (5.7 vs 8.3 days) in 
a mixed group of patients receiving either open thoracotomy or video-assisted small axillary 
thoracotomy lobectomy (n=639) [15]; though this study was performed before the 
increasing use of VATS approach for lobectomy over the last decade. A more recent 
randomised controlled trial in patients undergoing lobectomy, found a significant difference 
in physical activity in those who received postoperative physiotherapy [16], however only 1 
in 5 patients underwent VATS rather than thoracotomy. Despite relatively little empirical 
research, recommendations by the European Association of Cardiothoracic Surgery (EACTS) 
and the European Society of Thoracic Surgery (ESTS) have long supported routine 
physiotherapy provision following thoracic surgery [7] and it has recently been 
recommended in the guidelines for Enhanced Recovery After Lung Surgery (ERAS) [17].. 
There are, however no studies which have investigated the frequency of pulmonary and 
mobility issues amenable to postoperative physiotherapy in a cohort exclusive to VATS 
approach.  
Despite patients undergoing minimally invasive surgery, the majority of VATS lobectomy 
patients in this study presented with postoperative mobility/ pulmonary issues amenable to 
physiotherapy. Because of the routine nature of physiotherapy assessment on POD1 not 
only were these issues identified swiftly but physiotherapy to ameliorate the issues was 
commenced immediately. With the frequency of such issues high, it may be prudent to 
routinely provide a physiotherapy assessment to all VATS lobectomy patients on POD1, 
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ensuring early identification and intervention for postoperative mobility/ pulmonary issues, 
thus enhancing physical activity achieved in early mobility care pathways. The predictive 
factors, with the addition of ITU admission and presence of PPC, could be used to guide 
physiotherapy practice, however, this method alone may miss some patients who have 
issues amenable to physiotherapy (owing to low specificity), adding more weight to the 
recommendation for routine assessment.  
The incidence of PPC in VATS patients (7%) in our study group is supported in other studies 
which when looking at the specific development of pneumonia and atelectasis found 
incidences of 3 to 7.5% [18 - 20] and 3 to 13.6% [21, 22] respectively. VATS patients who 
developed a PPC had a significantly worse short term outcome demonstrated by increases 
in ITU admission, and significantly increased hospital LOS. Furthermore, VATS patients who 
developed PPC were identified as having more sputum retention and loss of lung volume 
potentially amenable to physiotherapy, and were given specific respiratory physiotherapy 
with the aim of ameliorating related symptoms. Physiotherapy has shown benefit in 
thoracotomy patients to reduce PPC; a large, quasi-experimental study (n=784), which 
excluded VATS cases, demonstrated reduction in PPC using a similar physiotherapy protocol 
(15.5% before vs 4.7% after; p<0.001)[23]. Postoperative respiratory physiotherapy after 
thoracotomy and lung resection in addition to early mobilisation, pain relief, and a 
standardised clinical pathway failed to demonstrate benefit in another study, although the 
relevance of this study’s findings are limited by the low frequency of PPC and small numbers 
(3.8% (n=3) [24]. Another study looking at NSCLC patients after open thoracotomy and lung 
resection (n=53) found that the provision of postoperative exercise including strength and 
mobility training program in addition to respiratory physiotherapy and mobilisation had no 
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effect on the PPC frequency (7.4% in intervention vs 11.5% in control) [25]. A limitation of 
the study however numbers was that the numbers were small and PPC definition only 
included the most severe pulmonary complications, including the need for ventilation.  
The 1 in 4 patients who did not require physiotherapy were independent, had no pulmonary 
complications, and had an uncomplicated recovery period, as evidenced by a significantly 
shorter hospital length of stay when compared to those with identified postoperative 
mobility and pulmonary complication. We have demonstrated for the first time that 
preoperative factors associated with postoperative issues potentially amenable to 
physiotherapy following VATS lobectomy were increasing age, COPD diagnosis, limitation in 
preoperative mobility <400m and BMI ≥30. Patients ≥75 years have previous been shown to 
be at risk of developing PPC following thoracotomy and lung resection [26], though more 
recent study showed age not be a risk factor in a mixed VATS/thoracotomy group of 
patients [27]. Thus, inclusion of age as a risk factor may be dependent on the methodology, 
and though significant in this study, the confidence limits are small with an odds ratio of 1, 
suggesting the risk is small.  Patients with COPD diagnosis, however, are twice more likely to 
develop issues potentially requiring physiotherapy following VATS lobectomy. In patients 
undergoing lung resection via open thoracotomy, COPD diagnosis has previously been 
shown to be a risk for PPC development (more so than percentage predicted FEV1) [28], the 
reason for this is most likely an increase in atelectasis and sputum retention associated with 
loss of elasticity and increased preoperative secretion volume. Restricted preoperative 
mobility (<400m) has also been shown to be associated with issues potentially amenable to 
physiotherapy as well as being an important indicator for postoperative outcome. A 
previous study shows that restricted preoperative activity (<400m) in thoracotomy and lung 
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resection patients was associated with significantly reduced postoperative physical activity 
(as measured with accelerometers over PODs 2 and 3), longer LOS (6 vs 5 days; p = 0.013) 
and higher frequency of PPC (20% vs 4%; p=0.034) [29].  Finally we found BMI ≥30 was also 
independently associated with issues potentially amenable to physiotherapy regardless of 
possible limited preoperative mobility often seen in obese patients; this may be because 
these patients are at higher risk of PPC due to restrictive pulmonary patterns and 
postoperative mobility issues [26].  
Some of the predictive factors identified are arguably modifiable, such as those patients 
with COPD and reduced preoperative activity. Optimisation before surgery may be of 
importance in these patients, objectives to improve pulmonary function and 
address/highlight mobility issues, with the aim of reducing postoperative LOS and incidence 
of PPC. Pre-operative exercise known as ‘prehab’ (in the style of pulmonary rehabilitation 
classes) is a strategy for such optimisation; improvements in the quantity of daily activity 
following pulmonary rehabilitation have been described [30], and there is evidence 
suggesting benefit of prehab, especially to high risk groups [31], in terms of improved 
exercise capacity prior to surgery [32-34]. Best evidence reports on prehab prior to major 
thoracic surgery for lung resection found improvements in exercise capacity and 
preservation of pulmonary function, however, whether this might translate to reduction in 
PPC, studies conflicted [35]. The most recent ERAS guidelines for thoracic surgery state that 
patients with poor physical capacity have the most to gain from prehab [17]. 
 
Conclusions 
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Despite patients undergoing minimally invasive surgery, a large proportion of VATS 
lobectomy patients in this study presented with some limitation to postoperative mobility, 
some also with pulmonary issues amenable to physiotherapy interventions. Age, COPD, 
limitation to preoperative mobility and BMI were found to be associated with the 
development of these issues. Preoperative optimisation, such as pulmonary rehabilitation to 
improve preoperative respiratory function and activity/mobility warrants further 
investigation upon outcomes in this group of patients.  The predictive factors could be used 
to guide physiotherapy practice towards higher risk patients, however, they may not 
correctly identify every patient with issues amenable to physiotherapy. We therefore 
recommend that following VATS lobectomy all patients receive routine postoperative 
physiotherapy assessment to correctly identify issues early.   
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Table 1. Details of postoperative early mobilisation  
Early mobility All included patients (n=285) 
POD1 Unable to sit out  10 (4%) 
POD1 sat out but unable to mobilise 
Independent mobility/with nursing assistance 
POD1 Distance walked <10m with physiotherapist(s) 
POD1 Distance walked ≥10m with physiotherapist(s) 
32 (11%) 
70 (25%) 
5 (2%) 
168 (59%) 
POD1, postoperative day 1 
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Table 2. Length of stay, ITU admission and PPC frequency for treated and none treated 
patients. 
 Not treated 
(n=76) 
Treated 
(n=209) p value 
Hospital LOS (days) median (IQR) 3 (2) 4 (3) <0.001 
HDU LOS (days) median (IQR) 1 (1) 2 (1) 0.004 
ITU admission 0 6 (3%) 0.347 
PPC Frequency  0 21 (10%) 0.002 
LOS, length of stay; HDU, high dependency unit 
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Table 3. Baseline characteristics for patients with and without issues potentially amenable 
to physiotherapy 
 No issues 
(n=76) 
Issues identified 
(n=209) 
p value 
Mean (SD) age (years) 
Median (IQR) age (years) 
Age ≥75 years (%) 
64 (11) 
67 (16) 
15 (20%) 
69 (8) 
70 (11) 
60 (29%) 
 
0.006 
0.165 
ASA score ≥3 (%) 25(33%) 119 (57%) 0.001 
BMI ≥30 (%) 
Median BMI (IQR) 
12 (16%) 
25.5 (5.8) 
51 (24%) 
26.4 (6.3) 
0.16 
0.05 
COPD Diagnosis (%) 11 (14%) 73 (34%) 0.009 
Current smokers (%) 17(22%) 43 (21%) 0.87 
Pre-op mobility (<400m) 12 (16%) 72 (34%) 0.004 
ASA, American Society of Anaethesiologists; BMI, body mass index; COPD, chronic 
obstructive pulmonary disease 
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Table 4. Predictive factors for issues amenable to physiotherapy 
  Odds Ratio 95% CI p value 
Age 1.0 1.0 – 1.1 <0.001 
COPD 2.3 1.1 – 4.7 0.02 
BMI (≥ 30) 2.2 1.0 – 4.6 0.04 
Pre-op mobility (<400m) 2.0 1.0 – 4.1 0.05 
BMI, body mass index; COPD, chronic obstructive pulmonary disease 
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